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Most air quality studies in agricultural environments use
thermal desorption analysis for quantifying semivolatile organic
compounds (SVOCs) associated with odor. The objective of
this study was to develop a robust sampling technique
for measuring SVOCs in humid environments. Test atmospheres
were generated at ambient temperatures (23 ( 1.5 °C) and
25, 50, and 80% relative humidity (RH). Sorbent material used
included Tenax, graphitized carbon, and carbon molecular sieve
(CMS). Sorbent tubes were challenged with 2, 4, 8, 12, and
24 L of air at various RHs. Sorbent tubes with CMS material
performedpoorlyatboth50and80%RHduetoexcessivesorption
of water. Heating of CMS tubes during sampling or dry-
purging of CMS tubes post sampling effectively reduced water
sorption with heating of tubes being preferred due to the
higherrecoveryandreproducibility.Tenaxtubeshadbreakthrough
of the more volatile compounds and tended to form artifacts
with increasingvolumesofairsampled.Graphitizedcarbonsorbent
tubes containing Carbopack X and Carbopack C performed
best with quantitative recovery of all compounds at all RHs and
sampling volumes tested. The graphitized carbon tubes were
taken to the field for further testing. Field samples taken from
inside swine feeding operations showed that butanoic acid,
4-methylphenol, 4-ethylphenol, indole, and 3-methylindole were
the compounds detectedmost often above their odor threshold
values.Fieldsamples taken fromapoultry facilitydemonstrated
that butanoic acid, 3-methylbutanoic acid, and 4-methylphenol
were the compounds above their odor threshold values
detected most often. relative humidity, CAFO, VOC, SVOC,
thermal desorption, swine, poultry, air quality, odor
Introduction
The report by the National Research Council (NRC) high-
lighted the need for more research in the area of air emissions
from animal agriculture (1). In fact, this report was a major
basis for the EPA’s animal feeding operations (AFO) consent
agreement (2). The NRC report highlighted the need for
standardized protocols for sampling and analysis of both
volatile organic compounds (VOC, includes both volatile and
semivolatile compounds) and odor (1). Field methods the
NRC report referenced were generally validated with stable,
nonpolar hydrophobic compounds associated with industrial
pollutants, whereas VOCs measured in agricultural environ-
ments are often polar, reactive, and highly sorptive to surfaces
(3–8). The report acknowledges there is little agreement as
to what constitutes odor and points to several different
techniques that need to be developed (1). The EPA’s consent
agreement acknowledged the ambiguity associated with odor
quantification and proposed no regulation be developed (2).
However, odors draw significant attention at the local levels
of government and community involvement, and the NRC
report identified odors as the most significant animal
emission at the local level (1). Odor intensity has been
correlated to VOC emissions (3, 5), and it has been linked to
a lowering of the quality of life (9, 10) and declining property
values (11). Schiffman and Williams (12) speculate that odors
may have potential environmental and health effects as-
sociated with them; however, data linking odors to any type
of respiratory impairment is weak (13). Self-reporting of
symptoms (i.e., headaches, runny nose, etc.) is currently the
only evidence of health-related effects associated with odor
in both laboratory (13) and rural community surveys (9, 10).
Developing methods to measure the composition of odor
will enable scientists to determine potential health risks
associated with animal agriculture.
Field methods used to measure and characterize VOC
and SVOC in air include both whole air sampling approach
(canisters) and a preconcentration approach (sorbent tubes
or solid phase microextraction (SPME)). The use of canisters
in quantifying odorants has been shown to be of limited
value due to low recoveries of polar compounds (14). The
use of SPME fibers is limited due to complexity of calibrating
fibers to match environmental conditions, reverse diffusion
of compounds, and competitive sorption (15–17). While
sorbent tubes are effective at sampling polar SVOC (3, 6),
typical sorbents used in agricultural air quality studies are
hindered by water sorption in humid environments (18–21)
and artifact formation during sampling (22, 23).
The purpose of this study was to identify commercial
adsorbents (i.e., commercially available and custom-made)
and water management techniques for sampling in humid
environments. The sorbent materials tested included Tenax,
graphitized carbon, and carbon molecular sieve (CMS).
Sorbent tubes tested contained Tenax TA and a multibed
sorbent tube containing Tenax TA and Carboxen 569 (CMS
material) both of which have been commonly used in
agricultural air quality studies (3, 4, 6, 8) along with a
commercially available multibed sorbent tube, Carbotrap
300 (Supelco, Inc., Bellafonte, PA), containing CMS material.
In addition, a custom multibed sorbent tube containing
hydrophobic sorbents Carbopack X (medium strength sor-
bent) and Carbopack C (weak sorbent) was tested. Carbopack
X was used since it has been shown to capture compounds
as small as C3-C5, and is routinely used as a passive sampling
material for VOCs (24, 25). Specific objectives of this study
were to (i) evaluate commercial sorbent material for sampling
and analysis of SVOC; (ii) determine the effect humidity has
on sampling and analysis; (iii) assess the effectiveness of
water management techniques for minimizing humidity
effects; and (iv) test the method at various AFOs.
Experimental Section
Laboratory and Field Sampling. All samples were collected
on glass sorbent tubes (178 × 6 mm diameter) packed with
the following: (1) Tenax TA (Supelco, Inc.); (2) Carbotrap 300
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(Carbotrap C:Carbotrap B:Carbosieve S-III); (2) Tenax TA:
Carboxen 569 (1:1 packing ratio); and (3) CP-X (Carbopack
C:Carbopack X in 1:2 packing ratio). All air samples were
collected at 100 mL min-1 using field gas samplers (GS1,
Gerstel Inc., Baltimore, MD). All materials in contact with
sampled air stream were constructed of Teflon or polycar-
bonate material. All sorbent tubes were stored at <-20 °C
until analyzed, and all samples were analyzed within 30 days.
Target compounds have been shown to be stable up to 2
months when stored at -20 °C (26).
The safe sampling volume (SSV) for the sorbent tubes
was tested by loading sorbent tubes with reference standards
and challenged sorbent tubes with 2, 4, 6, and 12 L of air
(nitrogen) using gas samplers. The SSV was confirmed by
challenging sorbent tubes with 2 and 12 L of air at ambient
temperatures (24 °C) and 50% relative humidity (RH) (see
description of experiment in water sorption section).
Samples were collected at both swine and poultry
production facilities. Sampling locations included the
following:
(1) Swine building: The swine building samples were taken
inside the Iowa State University Swine Nutrition and
Management Research Farm in the swine finishing confine-
ment building. The building is tunnel ventilated; animal waste
was collected in shallow pits with a pull-plug flushing system
that removes waste through underground piping into a steel
storage container. Samples were taken inside the building at
approximately a 1.0 m height from the floor with air
temperature and RH at 15 °C and 60%, respectively.
(2) Swine pit simulation tanks: Air samples were collected
in both the room air and headspace of stainless steel manure
storage containers (900 L total volume). Feces and urine from
animals were collected twice daily and added to the manure
storage containers. Air flow through each storage tank was
set at 8 L min-1, tank temperatures averaged 24 °C with
average RH of 100%. Air samples were taken from the
headspace of the storage tanks and the room the pigs were
housed at the end of a three month trial.
(3) Poultry house: Air samples from a commercial broiler
production house located in the southeastern United States
were collected between flocks during wintertime conditions.
Samples were taken from side wall fan, tunnel portion of the
building and throughout the building along water and feed
lines (see Supporting Information for more detail). Air
temperature and RH conditions during sampling were 0 °C
and 76%, respectively.
WaterSorption.Sorbent tubes were connected to a Teflon
cylindrical manifold (i.d., 4.1 cm, Savillex, Co., Minnetonka,
MN) maintained at ambient temperatures (23 °C ( 2) and
pressures. Controlled humidified air was introduced into the
manifold using zero grade air after passing through an Alpha-
MOS 720 (Hanover, MD) sampling chamber at 5 L min-1.
The RH and temperature of the diluting zero grade air was
verified at the end of the manifold using a traceable
hydrometer temperature recorder (Fisher Scientific, New
Castle, DE). Sorbent tubes were connected to the manifold
via GS1 gas sampler and samples collected at predetermined
sampling volumes 2, 4, 6, 12, and 24 L). Each sorbent tube
was weighed (Sartorious, Inc.) before and after passing
humidified air through, with total water sorbed determined
by difference. The sorption study was repeated for Carbotrap
300 sorbent tubes with tube heaters (set at 41 °C, ap-
proximately 15 °C above ambient) and without heaters. Tubes
that did not use heaters were dry purged with 2 L of dry
nitrogen.
Thermal Desorption GC/MS Analysis. Three chemical
stock solutions were prepared for standards. The first stock
solution was volatile fatty acid (VFA) standards prepared in
HPLC grade water (Burdican and Jackson, Mustegon, MI)
pH adjusted to approximately 2.5 (1% formic acid solution).
The second and third stock solutions were phenol and indole
compounds prepared in HPLC grade methanol (Burdican
and Jackson). All chemicals were 98% or higher (GC grade)
and purchased from Aldrich (Sigma-Aldrich, St. Louis, MO)
or Supelco, Inc. (Bellafonte, PA). Table 1 shows target
compounds with molecular weight, odor threshold, and vapor
pressure.
Sorbent tubes were analyzed by thermal desorption-gas
chromatography–mass spectrometry (TDS-GC-MS). The TDS
(Gerstel TDSA, Gerstel, Inc., Baltimore, MD) GC (6890, Agilent
Technologies, Wilmington, DE), and MS (5973N Inert MSD,
Agilent Technologies) instrument was equipped with cooled
inlet (CIS 4, Gerstel, Inc.), and FFAP column (30 m × 0.25
mm × 0.25 µm, J&W Scientific, Inc., Wilmington, DE) using
helium gas.
The TDS parameters were the following: splitless mode;
initial temperature, 60 °C; final temperature, 300 °C (hold 3
min); ramp, 60 °C min°-1; and heated transfer line set at 320
TABLE 1. Properties of Target Compounds and Summary of Analytical Method
compound MWd
boiling
point
(C)
vapor
Pressure
(kPa)e
odor
threshold
µg m-3g QI (m/z)i,h LOQ ngj RF (area/ng)k RSE (%)l
dynamic
range ng
precision
(%)m
acetic acid 60 118 2.33 356.3 60 0.7 2.36 × 10+04 4.1 30–3002 10.8
propanoic acid 74 140 1.75 108.3 57 0.8 1.92 × 10+04 5.0 37–3704 12.2
2-MPro acida 88 155 1.68 70.8 74 16.6 1.94 × 10+04 6.7 44–4400 9.4
butanoic acid 88 164 0.15 14.1 60 0.2 3.67 × 10+04 7.6 44–4400 7.0
3-MBut acidb 102 177 0.07 10.3 60 2.1 2.70 × 10+04 10.3 51–5100 6.7
pentatonic acid 102 186 0.04 20.2 60 1.1 2.74 × 10+04 8.4 51–5100 5.2
4-MPen acidc 116 199 0.0008 22.9 57 5.9 1.60 × 10+04 7.5 58–5800 6.1
hexanonic acid 116 205 0.006 60.3 60 0.9 6.73 × 10+03 7.5 58–5800 8.6
heptaonic acid 130 222 0.0004 147.4 60 2.7 1.80 × 10+04 7.2 65–6500 8.9
phenol 94 182 0.065 424.9 94 0.02 1.12 × 10+05 8.1 0.44–144 3.5
4-methylphenol 108 202 0.017 8.3 107 0.42 6.79 × 10+05 5.4 1.1–1143 3.7
4-ethylphenol 122 218 0.029 6.3 122 0.09 2.15 × 10+05 11.9 1.44–144 5.8
4-propylphenol 136 232 0.012 122 0.05 2.47 × 10+05 14.2 0.983–100 6.7
indole 117 254 0.002 0.15 117 0.44 1.19 × 10+05 7.1 0.44–436 6.9
3-methylindole 130 266 0.002f 3.0 130 0.08 1.32 × 10+05 5.5 0.43–446 6.9
a 2-Mpro acid, 2-methylpropanoic acid. b 3-MBut acid, 3-methylbutanoic acid. c 4-MPen acid, 4-methylbutanoic acid.
d MW, molecular weight. e Vapor Pressure values determined at 27 °C. f vapor pressure value based at 20 °C. g Odor
Threshold values based on reference 40. h QI quantitation ion. i m/z mass to charge. j LOQ, limit of quantitation. k RF,
response factor. l RSE, relative standard error (residue analysis of linearity). m Precision measured as relative standard
deviation.
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°C. The cooled inlet was glass bead packed and operated in
solvent vent mode with the following parameters: initial
temperature, –20 °C, final temperature, 320 °C, initial time,
0.2 min, final time, vent flow 20 mL min-1, and purge split
flow 20 mL min-1. This method is essentially a 20:1 split
injection from TDS to analytical column. The GC oven
temperature program was (1) initial temp, 80 °C hold 0.05
min; (2) ramp 10 to 220 °C; and (3) ramp 50-240 °C and hold
5 min. The MS was operated under SIM (selective ion
monitoring) mode using the following ions and time windows:
(1)VFA compounds 43, 57, 60, 73, 74, and 87, 94, 101 m/z
from 3 to 14.1 min; and (2) phenolic/indolic compounds 43,
57, 60, 73, 74, and 87, 94, 101 m/z from 14.1 to 20.0 min).
A 3 min solvent delay time was incorporated into standards
analysis due to the use of methanol as a diluting agent in the
phenol and indole standards. Identification and quantitation
of each compound was based on retention time and ion
ratio match of the target compounds. External standard
curves were used for quantitation of samples. Standard curves
for each compound were based on at least a five point
calibration curve for the MS using a linear regression with
inverse concentration weighing of calibration points. All
calibrating reference standard points were run in duplicate
as a minimum. The limit of quantitation (LOQ) was calculated
as 10 times the standard deviation of the mean blank value
as measured by peak height, and precision was determined
by four replicates of standards at four different concentration
levels and calculated as relative standard deviation (RSD).
Results and Discussion
Table 1 is a list of the method’s parameters for all target
compounds and includes the LOQ, linearity, dynamic range,
and precision. The GC method resulted in complete resolu-
tion of all target compounds and show this method is
adaptable to GC-FID (see Supporting Information). The
method is extremely sensitive with LOQ at the sub ng to
single digit ng levels for most compounds (Table 1). On
average, VFAs had about an order of magnitude lower
response than did either phenol or indole compounds (Table
1). It should be noted that due to the pKa of the VFAs
(approximately 4.7), a 0.1 M formic acid solution was used
to dilute VFA standards, which added approximately 3 ng of
acetic acid to each sorbent tube since it contains 0.5% acetic
acid (see Supporting Information). While acetic acid can be
detected in the sub ng levels, analytical quantitation was
limited to 30 ng. The method’s linear dynamic range for each
compound was a little over 2 orders of magnitude as
measured by relative standard error (RSE) of each regression
being less than 15% (Table 1), criteria set by FDA (27). The
linear dynamic range for VFAs was between 30 and 6500 ng
or 2.5 and 3250 µg m-3 assuming sampling volume of 12 and
2 L of air, respectively, whereas the linear dynamic range for
phenol and indole compounds ranged from 0.43 to 1143 ng
or 0.036 to 571 µg m-3, respectively. Precision of the method
was acceptable since no single RSD was greater than 15%,
a criteria set by FDA for acceptance (27).
The SSV were monitored based on compound recovery,
and not on the basis of the 10% recovered in back-up tubes
as is typical for SSV determination. Measuring SSV using
percent recovered in both main and back-up tubes is only
valid when sorbent tubes contain a single sorbent material
(see Supporting Information). Sorbent tubes containing CP-X
and CMS material had the highest recovery for odorants
following 12 L of air with recoveries averaging 98 and 91%,
respectively (Table 2). The CP-X tubes had recoveries greater
than 85% for all compounds, while CMS tubes had low
recoveries for both 4-ethylphenol, 84%, and indole, 61%.
Tenax tubes had significant loss of both acetic acid and
propanoic acid following 12 L of air with recoveries averaging
13 and 76%, respectively, but gave excellent recovery of all
other compounds, averaging 105%. It should be pointed out
that levels of both benzaldehyde and 1-phenylethanone,
known artifacts associated with Tenax material (23), increased
with increasing sample volumes. Lowering the sampling
volume to 2 L still resulted in a significant decline in acetic
acid recoveries from Tenax tubes with an average recovery
of only 47%. In all, odorants were quantifiable down to their
odor threshold values. The high recoveries in the CP-X and
CMS containing sorbent tubes demonstrate these sorbent
tubes are excellent choices for monitoring of emissions of
SVOC since there was little to no breakthrough of target
compounds; however, the poor recovery of the most volatile
SVOC demonstrate Tenax sorbent tubes is a poor choice for
monitoring purposes due to the potential breakthrough of
these compounds after only 2 L of air. In addition, artifact
formation of compounds associated with AFOs on Tenax
limits its use for monitoring purposes.
Sampling in Humid Environments. The type of sorbent
material used had a significant effect on the amount of water
sorbed during sampling as did the RH and total volume of
air sampled (Figure 1). Tubes containing CMS material sorbed
significantly (p > 0.0001) more water than tubes containing
either Tenax or CP-X material. There was no significant
difference in water sorption between Tenax or CP-X tubes.
TABLE 2. Recovery (%) and RSDa of Odorants from Sorbent Tubes after Challenging Tubes with Either 2 or 12 L of Air
Tenax Carbotrap 300 CP-X water managementd
compound 2 L 12 L 2 L 12 L 2 L 12 L heating tubes dry purge
acetic acid 27(26)b 13(56) 107(14) 93(7) 98(24) 94(8) 68(36) 52(29)
propanoic acid 96(3) 76(24) 115(8) 108(11) 93(11) 93(8) 111(26) 45(58)
2-methylpropanoic acid 94(4) 100(18) 110(4) 99(20) 87(5) 85(11) 98(20) 86(25)
butanoic acid 95(3) 103(2) 107(4) 102(6) 90(2) 91(7) 101(8) 95(14)
3-methylbutanoic acid 95(2) 110(9) 106(3) 91(17) 90(3) 101(5) 102(5) 97(6)
pentatonic acid 92(4) 112(10) 105(3) 91(8) 93(3) 103 (6) 100(4) 84(22)
4-methylpentatonic acid NDc 104(7) ND 92(1) ND 91(18) ND ND
hexanonic ND 101(8) ND 94(2) ND 95(15) 100(7) 107(22)
heptaonic acid ND 91(15) ND 93(4) ND 100(18) 100(7) 99(19)
phenol ND 121(10) ND 85(9) ND 104(7) 104(9) 72(39)
4-methylphenol ND 83(31) ND 91(8) ND 105(7) 97(6) 107(38)
4-ethylphenol ND 115(8) ND 95(7) ND 101(10) 101(6) 83(24)
4-propylphenol ND 110(13) ND 84(18) ND 95(18) ND ND
indole ND 106(14) ND 61(57) ND 103(6) 101(17) 91(12)
3-methylindole ND 107(13) ND 87(18) ND 102(11) 100(8) 117(18)
a RSD, relative standard deviation. b Numbers in parentheses represent RSD for recovery. c ND, not determined. d Water
management, Carbotrap 300 tubes challenged with 12 L of 80% RH air.
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Relative humidity had a significant effect (p > 0.0001) on
total water sorbed for CMS material, but no effect on either
Tenax or CP-X tubes. Total volume of air sampled had a
significant effect on water sorbed for CMS material (p <
0.001). At 25% RH, there was no significant difference in
amount of water sorbed on any sorbent materials, but at 50
and 80% RH, CMS material sorbed greater amounts of water
than either Tenax or CP-X tubes. Total water sorbed following
12 L of air at 50% RH based on mass of CMS material was
approximately 55 and 124 mg g-1 for Carboxen 569 and
Carbosieve III, respectively, and 132 and 236 mg g-1,
respectively, at 80% RH. The higher sorption of water and
slower saturation of the Carbosieve III compared to Carboxen
569 sorbent material is consistent with others (19, 20).
On CMS material, water sorption is initially low at low RH
with sorption mainly associated with polar surface functional
groups of the CMS material, but as the partial pressure of
water increases (i.e., higher RH) sorption of water increases
due to water cluster formation on previously sorbed water
which eventually leads to filling of pores that plateau when
all pores are filled (28). Sorbed water on CMS material not
only affects trapping efficiency during sampling, but also
significantly degrades laboratory analysis (29–31). In this
study, 15 µL of water on sorbent tube typically resulted in
complete loss of data from either shutdown of the instrument
due to over pressurization (ice blockage), or chromatograms
that were impossible to interpret due to shifting retention
times, poor peak shape, and loss of resolution of compounds
(see Supporting Information). Consequently, recovery studies
of SVOCs on CMS tubes sampled at 80% RH were not
attempted. Chromatograms were affected by as little as 5 µL
of water with declining signal intensity and poorer repro-
ducibility after 10 µL of water (Figure 2). There were also
lower recoveries and poorer reproducibility for SVOCs on
CMS tubes with only 6.2 µL of sorbed water (2 L of 50% RH
air) (see Supporting Information).
Water management techniques were developed for CMS
tubes to mitigate effect of excess water sorption. These
techniques were tested on Carbotrap 300 tubes using 80%
RH air. The first technique involved heating of tubes to
41 °C (i.e., 15 °C above ambient temperatures) as suggested
by others (18, 32) during sampling. Heating of tubes changed
the RH condition from 80 to 34% which is just below the
critical level for significant sorption of water to begin (20).
Lowering of the effective RH resulted in a significant decline
(p < 0.001) in total water sorbed during sampling (Figure
1C). Water reduction of more than 90% was recorded for
sampling of 12 L of air at 80% RH, which is close to 98%
estimate of Helmig and Vierling (18) for lowering the RH
from 80 to 27%. The second technique involved dry purging
of tubes with 2 L dry nitrogen. Total water sorbed was reduced
from 38 µg water/tube to less than 0.5 µg water (98%
reduction). Clearly both techniques are effective at reducing
sorption of water; however, heating of tubes during sampling
was considered superior due to improved recoveries of
odorants and reproducibility of the method compared to
dry-purging of tubes post sampling (Table 2).
Field Sampling.Based on the laboratory studies the CP-X
tubes were chosen to measure SVOCs in the field. Table 3
shows concentrations levels for the various odorants mea-
sured at both swine and poultry facilities. Distinct differences
in the pattern of odorants can be seen across animal
production facilities and sampling locations within the facility
(i.e., room air vs manure storage).
Inside the swine facility, acetic acid and butanoic acid
were often the most abundant compounds on a mass basis,
but based on their odor activity value (OAV, mean concen-
tration in air divided by odor threshold value) key odorants
were butanoic acid, 3-methylbutanoic acid, and 4-meth-
ylphenol since they were all on average above their odor
thresholds values. Compounds such as 4-ethylphenol, indole,
and 3-methylindole were above their odor threshold during
at least one sampling event. Room air in the swine pit
simulation study demonstrated that indole and butanoic acid
were both detected on average above their odor threshold
values, while 3-methylbutanoic and 4-methylphenol were
detected several times above their odor threshold values
(Table 3). The room blank (no animals in room) showed that
volatile fatty acids were not present indicating that VFAs
originated from the animals themselves or fresh manure (data
not shown). Monitoring of the manure tanks revealed that
key odorants in the aged manure were indole and 3-meth-
ylindole based on OAV with 4-methylphenol and 4-eth-
ylphenol also being detected above their odor thresholds.
The VFAs were low in the headspace of the aged manure
vessels. This is not surprising given that the pH of manure
was close to 8.4 indicating that the majority of the VFAs were
in their less volatile ionized forms. Indole typically had the
highest OAV of the compounds. This agrees with Zahn et al.
FIGURE 1. Sorption of water on sorbent tubes as a function of
volume and relative humidity (RH): Closed circles custom Tenax
TA/Carboxen 569 sorbent tubes; Open circles Carbotrap 300
sorbent tubes; Closed triangle Tenax TA sorbent tubes; Open
triangles custom Carbopack X/Carbopack C sorbent tubes;
Closed squared Carbotrap 300 sorbent tubes heated to 41 °C;
and Error bars are standard deviation. (A) 25% RH; (B) 50% RH;
and (C) 80% RH.
FIGURE 2. Signal intensity for volatile fatty acids as a function
of water on tube. Error bars are standard deviation.
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(36) who created a mixture of compounds said to resemble
swine manure odor; based on the OAV of individual
compounds in his system, indole was also the key odorant
associated with swine manure.
In the poultry facility, samples were taken repeatedly in
two areas of the building, the tunnel portion and near one
of the side wall fans. In addition, samples were taken along
the feed and water lines throughout the building. The results
show that acetic acid is the most abundant compound
detected on a mass basis (Table 3), but OAVs indicate key
odorants are butanonic acid, 3-methylbutanoic acid, and
4-methylphenol. In fact, 4-methylphenol is the only com-
pound detected above its odor threshold value in all areas
monitored, with the volatile fatty acids being the most
abundant compounds in the wettest areas of the facility. It
was interesting to note that there was little to no indole or
3-methylindole detected. The key odorants associated with
a broiler facility included butanoic acid, 3-methylbutanoic
acid, and 4-methylphenol similar to what has been reported
by Cai et al. (35). Absence of indole and 3-methylindole may
reflect the age of the litter (fresh vs aged) and temperature
during sampling (25 vs 0 °C).
This study calls into question much of the previous work
on agricultural air quality using CMS material. The use of
CMS tubes requires the RH to be below 35% (20, 21, 32) to
prevent sorption of water, but this level is often surpassed
in field sampling (3, 4, 8). This would indicate that in previous
studies sorbent tubes would have sorbed large amounts of
water since water management techniques were never
discussed (3, 5, 6, 8). Water sorbed on CMS material would
have limited its usefulness in trapping volatile compounds
due to water blockage of sorption sites (30). In this study,
water sorption also resulted in a significant loss in signal
intensity from either detector response or ice blockage in
the inlet. All these issues relating to excess water sorption
have implications on the quantitation levels reported in
previous work. In addition, we have shown that Tenax sorbent
tubes also have analytical issues, with breakthrough of the
more volatile odorants occurring with sampling volumes as
low as 2 L, a volume commonly surpassed in many air quality
studies (4, 37). This again has implication on quantitation
levels from previous studies.
This method was developed in recognition of the need to
quantify VOCs including SVOCs in air from animal agriculture
(1). This method along with canister based sampling man-
dated by EPA air consent agreement should complement
each other in speciating VOCs associated with AFOs (2). This
study is the first to use Carbopack X in a multibed tube for
the purpose of sampling in humid environments. While Ribes
et al. (34) used Carbopack X in multibed tube, they also
included CMS material, a sorbent shown in this study to
sorb large amounts of water. Future research is in progress
to determine the full range of compounds this method can
accurately quantify from AFOs since Carbopack X has been
shown to chemically transform small alcohols during analysis
(38).
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